Problems of wound healing are commonly observed after coronary bypass grafting (CABG) operations. Our aim is to determine the prevalence and the predictors of saphenous vein harvesting complications after coronary artery bypass surgery. One hundred twenty six patients operated in the specified period were included in this prospective study. In an early period 3 patients were excluded because of their mortality. Twenty patients were female and 103 were male. Forty three patients underwent an open procedure with one incision (35%), 61 patients also underwent an open procedure but with multiple incisions (49%), and 19 patients underwent a closed procedure with stripper (16%). Complications related with leg incisions after surgery were investigated. Multiple incision technique has the longest (49.28 ± 14.7 cm; p < 0.001) total incision length (compare to single incision and stripper technique). As incision length increases, the incidence of drainage ( p < 0.01), pain score ( p < 0.05), hematoma ( p < 0.05) and diffuse ecchymosis ( p < 0.05) were increased. Drainage was seen more frequently in female ( p < 0.001) and diabetic patients ( p < 0.05). Sex ( p < 0.001) and incision length ( p < 0.05) have been found independent risk factors for drainage complication. Superficial infection ( p < 0.05), pain ( p < 0.05) and dehiscence ( p < 0.05) were significantly higher in female patients. As the incision length of the multiple incision technique became longer, the risk of drainage, pain, hematoma and diffuse ecchymosis were increased. The significantly increased risk for wound complications were also seen in female gender, diabetic and obese patients.
to different vein harvesting techniques.
MATERIALS AND METHODS
This is a prospective study which was conducted in Siyami Ersek Thoracic and Cardiovascular Surgery Center from March 20th to October 4th 2005. After institutional ethic committee approval, 126 patients were enrolled for this prospective study. Informed constent was obtained from all patients. As the three patients died during early postoperative period, one hundred twenty three patients were divided to three groups. Group 1 consisted of 43 (35%) patients in which single incision technique was used during harvesting. Group 2 contained 61 (49%) patients in which saphenous veins were harvested by using multiple incisions leaving intact skin bridges. Group 3 consisted of 19 (16%) patients that underwent saphenous vein harvesting by using Mayo vein stripper (Codman 17 Aesculap Company, Hamburg, Germany). Preoperative hematocrit (Htc) level, white blood cell count (WBC), left ventricular end diastolic pressure (LVEDP) and ejection fraction (EF) were analyzed.
wound healing are commonly observed after these operations. Conventional and minimally invasive vein harvesting techniques have been used in surgical practice (Athanasiou et al. 2003) . For the conventional vein harvesting, standard surgical instrumentation and direct visualization through a longitudinal with a single incision or skinbridging with a multiple incision technique are the most common techniques to harvest the vein. One of the most important closed technique is dissection of the greater saphenous vein by means of stripper (Meldrum-Hanna et al. 1986 ). Endoscopic techniques diminished the need of cutenous incisions during harvesting (Rashid et al. 1984; Crouch et al. 1999; Newman and Lammle 1999) .
Therefore, this study was aimed to determine the prevalence of complications after coronary bypass surgery using greater saphenous vein and examine the relationships of these complications with risk factors and clinical variables according LVEDP was recorded as the highest value measured after installing Swann-Ganz catheter before the beginning of cardiopulmonary bypass. EF was determined by the angiography or echocardiography.
After extubation on the postoperative day, all the patients underwent physical examinations. The pain on the leg from which saphenous vein harvested was interrogated. Rectal body temperature was measured. All the patients were re-evaluated at postoperative 3th, 5th, 7th days. The pain on the leg from which saphenous vein harvested was graded by using a six point scale. Up to two grade, it was accepted as there was no or minimal pain. Grade three to four were accepted to denote the degree of pain that required analgesia but caused no motion impairment. Grade five to six were accepted to denote additional motion impairment.
Statistical Package for Social Sciences (SPSS, SPSS Inc., Chicago, IL, USA) 9.0 programs was used for statistical analyses. Mann's Whitney U-test, one way ANOVA and chi square tests were used in analysis of variables. Tukey's honesty significant differences (HSD) test was used for post hoc comparisons. Multilinear regression analysis and Pearson's correlation analysis were used to determine the relationship between variables. Less than 0.05 p values were considered as significant.
Surgical procedure
Patients were admitted to hospital one day before the surgery. Hemogram, routine blood tests and urine specimens were obtained. Chest X-ray, electrocardiography and respiratory function tests were completed. Sites of operation were shaved at one day before surgery. IV Cefazoline 1 g was applied for prophylaxis after the Swann-Ganz catheter insertion via right internal jugular vein. The right leg was predominantly used at the open procedures and the left leg used at the closed procedures. For the twenty-two cases left side preferred and the thirteen of these cases underwent stripper procedure (59%).
Greater saphenous vein was found at the anterosuperior side of medial malleolus by a short incision in group 1 and 2. Proximal and distal parts of saphenous vein and any side branches were tied with 4/0 silk (Johnson & Johnson Gateway® Rochester, NY, USA). Any damage to saphenous vein was repaired using 7/0 prolene (Johnson & Johnson Gateway® Rochester). After the control for bleeding the subcutaneous tissue of incisions were sutured with 0 vicryl or 0 dexon (Johnson & Johnson Gateway® Rochester). Continuous suture technique was used during this process. The skin was sutured with 3/0 coated vicryl (polyglactin 910) (Johnson & Johnson Gateway® Rochester) through the subcuticular layer. A continuous suture technique was also used in this process. The leg was covered with elastic bandage for 24 or 48 hrs. The wound was cleared and dressed on the 1st or 2nd day after the operation and it was left open during the hospital stay unless a complication occurred.
At the multiple incision groups saphenous vein was harvested like single incision group. Additional skin bridge between the 10 cm incisions was left. Except leaving skin bridges all the techniques were similar to the single incision group. Same suturing technique was used with the single incision group.
Finally in the stripper group, saphenous vein was harvested by with a small inguinal or malleolar incision. After binding the proximal end, it was carried through the ring at the end of the stripper and stripper was propagated distally, under the skin and above the saphenous vein. Side branches were noted by increasing resistance. Whenever they were noticed, the end of stripper was directed to the skin and the end of stripper as well as the vein was pulled out through an incision of 1-2 cm. The side branch and the vein were dissected and the branch was bound. The incisions were covered with 2/0 nylon (polyamide monofilament) (Johnson & Johnson Gateway® Rochester) via single sutures. For all of the groups, elastic wound dressing and care were applied.
RESULTS
Our study included 126 patients but three (2.4%) patients were excluded due to immediate deaths. Among the rest of patients, twenty were female. One hundred and three of patients were male. The male to female ratio was 5.15. The mean age of patients was 59.21 ± 9.34 years. There was no significant age difference between three groups ( p = 0.963).
Length of incision in multiple incision technique (49.28 ± 14.71 cm) is significantly different according to stripper technique (45.47 ± 17.54 cm) and single incision technique (32.93 ± 11.09 cm) ( p < 0.001). There was no difference between the sexes for incision types applied ( p = 0.563) ( Table 1) . Risk factors were homogenously distributed in all groups (Table 2) . Heights, weight, body mass index (BMI), hematocrit, WBC, and LVEDP were not significantly different in three groups (Table 3) .
Left anterior descending coronary artery (LAD) was anastomosed to left internal mammary artery (LIMA) in 119 patients (96.6%). Four of the cases received saphenous grafts to their LADs. Mean number of grafts applied per patient was 2.62 ± 0.83. Additionally, three patients have mitral and one patient had aortic valve replacement. Two of the cases received carotid endarterectomy.
The variable related to leg wound disturbances as significant has been showed in Table 4 . Length of incision was found to be related as significant with pain ( p < 0.05), wound drainage ( p < 0.01), formation of hematoma ( p < 0.05) and diffuse ecchymosis ( p < 0.05).
Patients with longer incisions also tended to report more pain. Other than these factors no variables were found to influence pain. Pain was the sole complication determined by the type of incision. There was a significant difference for the intensity, the frequency of subjective pain between the multiple incision and stripper groups ( p < 0.05). The length of incision and female gender were determined as an independent risk factor among all variables.
Eleven cases had their elastic bandages removed on the second day. These were all from the second group. Time of elastic bandages removal was not related with pain ( p = 0.203) or wound drainage ( p = 0.418). To determine the exact role of elastic dressing, we also compared the multiple incision group according to elastic bandages removal day to the other group. Duration of elastic dressing removal was not related with intensity of pain, wound drainage, inflammation and separation at the incision site.
The patients who had wound drainage during hospital stay also had more infection rates during their first follow up after discharge ( p < 0.05). Saphenous repair incidences were 9.3%, 11.4% and 21.1% respectively in 3 ways for each group, repair ratio is the highest in stripper method.
DISCUSSION
Although it is widely accepted that arterial conduits are always prefered, saphenous vein still continues to be the most commonly used conduit for coronary artery bypass graft surgery due to its length and lack of invasiveness. Therefore, the complications of saphenous vein harvesting are still one of the major morbidity seen after coronary bypass grafting. Wound drainage was found to be associated with length of incision, hematocrit levels, sex and diabetes mellitus. Length of incision and sex were determined as independent risk factors in our study.
We found better wound healing in patients who had BMI less than 25 kg/m 2 . Utley et al. (1989) also reported that BMI less than 23 kg/m 2 indicated better wound healing and a decrease in hematocrit might affect negatively the oxygen carrying capacity of blood and hinder wound healing. Besides, infection was more frequently observed among patients with diabetes, a BMI of greater than 25 kg/m 2 and females. Considering all these findings it can be advised that surgery must be applied more carefully to female patients especially with a BMI of greater than 25 kg/m 2 . Separation at the site of incision and infection were more commonly reported among female patients in our study. The incidence of leg wound infection between studies ranged from 1% to 42%, the average incidence of leg wound infection after vein harvesting was 12%. (Athanasiou et al. 2003) . Seven of the patients (5.6%) had infection at the site of incision during their first follow up visit. Farrington et al. (1985) report the prevalence of infection as 12.9% in their series and hypothesized that incisions reaching to the inguinal area may cause sternal infections. This observation was not supported by our results. Podiatric fungal infections may cause recurrent cellulites especially in the long term (Ginsburg 1983 ). We could not find a significant effect of podiatric disease on wound healing in the short term. This may be due to the design of our study. Nair et al. (1988) used a similar technique for wound closure after saphenectomy and reported the prevalence of pain and tingling as 62%. We found the prevalence of these complications as 56%. These complications can be caused by pressure and damage to the saphenous nerve. In that study, use of tight fitting socks by patients was reported as positive and pain relieving. We have noted that the intensity of pain increases with tight fitting socks. This may be related to the increased pressure on the nerves, operative nerve injuries, postoperative leg oedema or inappropriate size tight fitting socks usage.
Length of incision appears to be among the most important predictors for many of the complications that may arise after saphenous vein harvesting. Wound drainage, pain, hematoma and diffuse ecchymosis were increased as length of incision increased.
When comparing the incision types we found that subjective experience of pain increases among patients in which multiple incisions were used during saphenous vein harvesting. However there were no difference between the group 2 and group 3 when comparing the other complications. Athanasiou et al. (2003 Athanasiou et al. ( , 2004 and Morris et al. (1998) found minimally invasive great saphenous vein harvest for coronary artery bypass grafting to reduce postoperative leg wound related morbidity, infection, post-operative pain, length of hospital stay, and re-admission rate but requiring more repairs prior to grafting (Aziz et al. 2005) . In our study, also repair is the highest in the stripper group. Stripper technique may be the one that requires most experience between the techniques discussed previously. Especially, minute subcutaneous saphenous branches may be hard to feel and sometimes these branches may break, harming the graft. On the contrary, if applied with a good technique minor skin incisions decrease the risk of wound complications (Athanasiou et al. 2003 (Athanasiou et al. , 2004 . Undetected, ripped branches can harm the graft as well as causing formation of hematoma (Rashid et al. 1984) . Nineteen of the patients were applied stripper method in this study. Twenty one percent of patients in group 3 had complications related to vein harvesting, an infection in one and hematoma in three patients. Therefore, it might be concluded that when this technique was prefered for vein harvesting utmost concern should be applied in surgical technique to prevent the formation of hematoma. And also, it is important to remember that the time required for harvesting was increased and the quality of the conduit was decreased in this technique.
We conclude that the surgeons must be aware of vein harvesting complications in the stripper technique because of the potential for hematoma especially in female patients and high repair rate. The morbidity of sapheneous vein harvesting seems to be more related with the length of incisions.
